bstract: To determine the relationship between ankle/brachial indices (ABls) and morbidity and mortality in patients with peripheral arterial disease (PAD), a historical cohort study was performed. A total of 154 patients who had undergone noninvasive arterial assessment of the lower extremities in 1989 and 1990 were selected for this purpose. Selection criteria were age >40 years at the time of investigation, a resting ABI <0.90 and the availability of an ABI after exercise or arterial occlusion. Mortality and vascular events were recorded after an average follow-up period of 6 years. A vascular event was defined as an intervention because of PAD, the occurrence of a nonfatal myocardial infarction or stroke, a transient ischaemic attack or a coronary artery bypass graft (CABG)or percutaneous transluminal coronary angioplasty (PTCA) procedure. During the period studied, 44 patients died and 111 patients suffered a vascular event. The relative risk for mortality was 3.1 per 0.50 decrease of the ABI at rest (95% confidence interval (CI) 1.1-8.7, P =0.03) and 2.4 per 0.50 decrease of the ABI after exercise or arterial occlusion (95% CI 0.9-6.4, p =0.08). The relative risk for mortality or the occurrence of a vascular event was 3.3 per 0.50 decrease of the resting ASI (95% CI 1.7-6.3, p<0.001) and 2.5 per 0.50 decrease of the ABI after exercise or occlusion (95% CI 1.5-4.4, p<0.001). After standardization, the prognostic power of the two types of ABls was equivalent. The cumulative survival after 5 years was 63% for patients with resting ABls <0.50, 71% for patients with ASls 0.50-0.69 and 91% for those with ASls of 0.70-0.89. There were obvious differences between the mean initial ASls of patients who suffered a vascular event and/or died and those of survivors, who did not suffer an event. A relatively simple measurement like the determination of the resting ASI can give valuable information about the prognosis for vascular related morbidity and mortality. This can be of help in the approach of patients with PAD and assist in therapeutical decision making. Determination of the ASI after exercise or occlusion has no additional value for this purpose.
Introduction
The fate of patients with peripheral arterial disease (PAD) has been the subject of multiple studies. Most authors agree that the incidence of limb loss in this population is relatively low.':" This may lead to the assumption that PAD is a benign condition. However. patients with PAD often have atherosclerosis in other parts of the vascular system and are at increased risk for mortality. especially from coronary and cerebrovascular disease."?" Determination of the ankle/ brachial index (ABI) is an accepted method to detect PAD and to quantify the degree of the arterial insufficiency. The ABI measurements can be performed at rest. after exercise or a~ler arterial occlusion (reactive hyperaemia). Previous studies have shown that a decreased ABI at rest is associated with mortality and morbidity and that the resting ABI has a prognostic value for these matters.6.Q-11.I4~() !he present study was performed to analyse the relationship between ABIs and morbidity and mortality in patients with PAD. The aim was to determine whether the prognostic value of the ABI at rest could be confirmed. As the use of the resting ABI alone might underestimate the severity of PAD, ABI measurements after exercise or arterial occlusion were performed as well in order to assess their additional value in predicting vascular related morbidity and mortality.
Methods
The medical records of all patients who underwent a tirst lower extremity noninvasive arterial assessment between I November 1989 and 31 December 1990 at the Clinical Vascular Laboratory of the University Hospital Nijmegen were reviewed. Patients >40 years of age at the time of the investigation were included in the study if they had an ABI at rest <0.90 and an ABI after exercise or artcrial occlusion was available. Patients who had undergone vascular surgery because of PAD, percutaneous transluminal angioplasry (PTA). or an amputation other than a toe amputation prior to the investigation were excluded. The arterial pressure measurements were performed with the patient in supine position. using a Doppler probe. Systolic pressures were taken at the posterior tibial and the dorsal pedal artery of both legs and at both brachial arteries. The highest of the two ankle pressures was then divided by the higher of the two systolic brachial pressures to calculate the ABI of each leg. Thereafter, the ABI was also measured after exercise or arterial occlusion. The exercise test consisted of walking on a treadmill at 2 miles per h on a 10°slope for 4 min. When patients were unable to walk at the prescribed pace, or could not maintain walking, the test was adjusted to the abilities of the patient. The pressures recorded 1 min after the test were used to calculate the ABIs. When it was obvious that a patient would not be able to perform the exercise test, a reactive hyperaemia test was done. To provoke reactive hyperaemia a pneumatic cuff was placed around the thigh and inflated above systolic pressure for 5 min. The pressures recorded 15 s after cuff release were used to calculate the ABls. The lower of the resting ABls obtained for the two legs and the matching ABI after exercise or occlusion were used for data analysis. The stress tests were performed without cardiac ischaemia monitoring.
Follow-up information was collected by reviewing medical records and by contacting patients, their family or their general practitioner. These contacts were made by phone or by mail between I July 1996 and 31 October 1996. Patients were followed up for two different end points. These were (all cause) death or the occurrence of a vascular event. A vascular event was defined as an intervention because of PAD, the occurrence of a nonfatal myocardial infarction or stroke, a transient ischaemic attack or a coronary artery bypass graft (CABO) or percutaneous transluminal coronary angioplasty (PTCA) procedure. Reconstructive vascular surgery, PTA procedures, sympathectomies and amputations were considered as interventions because of PAD.
Statistical methods
Cox regression analysis was used to determine the prognostic value of the ABI measurements for (all cause) mortality and for the occurrence of death or a vascular event, while correcting for sex and age. The predictive value for the sole occurrence of a vascular event could not be analysed in this manner because of the fact that death would be a concurrent risk. In order to compare the resting ABI and the ABI after exercise or occlusion for their prognostic powers, Cox regression analysis was applied to the standardized ABI values (i.e. Z-transformation). Survival curves were drawn to check linearity after categorization of the patients according to the height of their ABIs. Data were also analysed in a retrospective manner. After 5 yearly intervals, the number of patients without an event, with a vascular event, that died and that died with a history of a vascular event during the follow-up were determined. The ABIs of the patients in these four event groups were compared. Analysis of covariance was used for this purpose, while correcting for sex and age. A p value <0.05 was considered as statistically significant.
Results
The records of 539 patients were reviewed. The inclusion criteria were fulfilled by 158 patients. Because of incomplete information four patients (2.5%) were excluded, leaving 154 patients for analysis. The study population consisted of 102 men and 52 women. The age at the time of Vascular Medicine 1997; 2: 169-173 the measurements varied between 41 and 84 years, with a mean age of 63 years. After determination of the resting ABI, 54 patients performed the standard exercise test. An adjusted exercise test was performed by 69 patients and 31 patients underwent a reactive hyperaemia test. The mean ABI at rest was 0.60 (SD 0.15) and the mean ABI after exercise or occlusion was 0.29 (SD 0.18). The average time between the investigations at the vascular laboratory and the data acquisition in 1996 was 6 years. In this period 44 patients died. A total of III patients suffered at least one vascular event before death or the end of the study. Table I shows the results of the Cox regression analysis. in which the relationship between ABIs and occurrence of death was evaluated, after correction for sex and age. The relative risk for mortality was 3.1 per 0.50 decrease of the resting ABI (95% confidence interval (CI) 1.1-8.7, p = 0.03). When the ABI after exercise or occlusion was considered, the relative risk for death was 2.4 per 0.50 decrease, without reaching statistical significance (95% CI 0.9-6.4, p =0.08). The comparison of the prognostic power of the two types of ABIs was done after standardization for the spread. The relative risk per I SD decrease of the resting ABI was 1.39 (95% CI 1.03-1.86), while the relative risk per I SD decrease of the ABI after exercise or occlusion was 1.35 (95% CI 0.96-1.90). The prognostic power of the resting ABI and the ABI after exercise or occlusion could therefore be considered as equivalent.
The results of the analysis of the relationship between the ABls and the occurrence of death or a vascular event. corrected for sex and age, are presented in Table 2 . Again, the relative risks were increased when ABIs decreased. The increased risk was significant for a decrease in resting ABI, as well as in the ABIs after exercise or occlusion. Once more, the prognostic power of the two types of ABIs was equivalent. Figure I shows the survival curve after stratification of the population by resting ABI. The cumulative survival after 5 years was 63% (95% CI 47-78) for patients with ABIs <0.50,71% (95% CI 61-82) for patients with ABIs 0.50-0.69 and 91% (95% CI 82-99) for patients with ABls 0.70-0.89.
The events that occurred during the first 5 years following the measurements are listed in Tables 3 and 4 . These are presented after five annual periods in a cumulative way. In Table 3 , the distribution of the resting ABI values is added, while in Table 4 the distribution of the ABI values after exercise or occlusion is given. These values were adjusted for sex and age, using analysis of covariance. After 5 years, 39 patients had died. Of these nonsurvivors. 27 had suffered a vascular event prior to death. A total of 82 patients suffered a vascular event but were still alive after 5 years and 33 persons survived this period without the occurrence of an event. The differences in the resting ABIs between the event groups after each annual period were significant. After 3, 4 and 5 years the ABI value of the group without events was higher than those of all the other groups. The differences between the ABls after exercise or occlusion of the four groups after every annual period were also statistically significant. All values were highest in the 'no event' group. 
Discussion
Patients with PAD usually present with intermittent claudication. In the more progressive cases, the disease can lead to rest pain, ulcers or even gangrene. However, the risk of limb loss is relatively low.':" Vascular reconstructions are performed to avoid tissue loss, but also in the treatment of disabling complaints of claudication, Many studies have indicated that patients with PAD often have atherosclerosis in other parts of the vascular system and are at increased risk for mortality."?" Not only the condition of the limbs determines the prognosis of these patients. but the degree of atherosclerosis elsewhere, such as in the coronary and carotid arteries. In this study. the relationship between ABls and subsequent morbidity and mortality among patients with PAD was examined. The study was designed to follow a cohort of patients with an established diagnosis of PAD rather than a group of individuals selected by means of screening of the general population. No separate analysis of risk factors was performed. Both the ABI at rest and the ABI after exercise or occlusion were analysed for their prognostic value. The main hypothesis in this study was that the ABI after a stress test could be a better predictor for vascular related morbidity and mortality than the ABI at rest. The underlying idea was that determination of the resting ABI might underestimate the severity of PAD and that the ABI after exercise or occlusion could possibly approach the degree of PAD more closely. If the severity of atherosclerosis in the lower extremity arteries is in line with the atherosclerosis elsewhere, one could assume that the ABI after a stress test has more prognostic power.
The results indicate that the ABI at rest is a predictor for death and for death or the occurrence of a vascular event among patients with PAD. The risk for these events was higher when the resting ABI was lower. The same can be said when the ABI after exercise or occlusion is considered. The prognostic power of the two types of ABIs was equivalent in this study. Although exercise and hyperaemia tests have additional value for the assessment of PAD, they have no additional prognostic value concerning mortality and the occurrence of vascular events. To our knowledge this is the first study in which the role of measurements after exercise or occlusion in predicting mortality was examined.
Several prior studies have focused on the relationship between ABIs at rest and survival. Vogt'" examined the relationship between ABIs and mortality in older men and women. The age-adjusted relative risk for men in that study was 1.6 per 0.50 decrease of the ABI, for women this risk was 1.7. These values lie within the 95% CI in this study. O'Riordain'" studied a population of claudicators, with a resting ABI <0.85 or a 15% decrease after exercise. The 5-year cumulative survival probability was 50% for patients with a resting ABI <0.50, whereas it was 84% for those with resting ABIs 2': 0.50. The 5-year cumulative survival probability in this study was 63% for the group with an ABI at rest <0.50. This is somewhat higher than the percentage in the most ischaemic group in the O'Riordain study, although that value still lies within the 95% CI in this study. The 5-year cumulative survival probability in the most ischaemic group in his study (ABIs <0.40) was 44%. From all these studies it appears that especially those patients in the lower ABI categories have a poor prognosis.
In the present study the data were also analysed in a retrospective manner, by recording the events after five annual periods and considering the ABIs in four different event groups. The ABIs after exercise or occlusion of the groups of patients who suffered an event and/or died were lower each time than those of the 'no event' group. This was also the case when the resting ABIs were considered, except for the first 2 years of follow-up, which is probably due to small group size. After 5 years only 33 patients (21%) were alive and had not suffered an event. At that time 39 patients (25%) had died. This is markedly consistent with the findings of Singer and Rob' and Juergens et al. ' Singer and Rob? examined a group of patients sent to hospital for arterial assessment and who received a definite diagnosis of claudicatio intermittens. After 5 years of follow-up the mortality of this population was 23%. Juergens et aJ3 studied patients who received a clinical diagnosis of arteriosclerosis obliterans. Again, after 5 years of followup 23% of the patients had died.
The present study has several limitations. First, its retrospective design influenced data gathering. Although several sources were used, including medical records, patient or family interviews and contacts with general practitioners, information regarding the cause of death was inadequate in most cases. Secondly, measurements of the ABI after exercise and after arterial occlusion were considered comparable in this study. This was done relying on a strong correlation between these measurements as described by Hummel et al.
2 1 Further, it also would have been interesting to know whether ABIs could be used as predictors for vascular events separate from death. However, death is a concurrent risk for the occurrence of a vascular event. This implies that the prognostic value of ABIs for only vascular events cannot be examined by using the described statistical methods. Although the study population consisted of patients referred for noninvasive vascular assessment of the lower extremities, the conclusions are probably valid for all people with abnormal ABIs. This is supported in a study by Fowkes et al," who reported that even asymptomatic PAD is associated with ischaemic heart disease.
Conclusion
Measurement of the ABI at rest is an accepted method to detect and evaluate patients with PAD. It is easily performed and not very demanding for the patient. In this study it is confirmed that the resting ABI has a prognostic value for mortality and morbidity among patients with PAD. The lower the ABi, the higher the risks for death and for death or vascular events. The ABI after exercise or arterial occlusion also has a prognostic value, but did not prove to be a better predictor than the resting ABI. This implies that a simple measurement like the determination of the resting ABI can give valuable information about the prognosis for vascular morbidity and mortality. This can be of help in the approach of patients with PAD and assist in therapeutical decision making.
